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to different poles formed into a cylindrical shape, and a first
coil. The rotor and a second coil may be successively
disposed axially of the rotor. A first outer magnetic pole and
a first 1nner magnetic pole excited by the first coil may be
opposed to the outer peripheral surface and the inner periph-
eral surtface of the rotor, and a second outer magnetic pole
and a second mner magnetic pole excited by the second coil
may be opposed to the outer peripheral surface and the inner
peripheral surface of the rotor. The rotor has an output
transmitter, such as a gear or a pulley, mounted on the outer
peripheral surface of the central portion thereof.

16 Claims, 12 Drawing Sheets
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1
MOTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a motor provided with output
fransmitting means on a rotor which can be constructed
super-compactly.

2. Related Background Art

What are formed as compact motors include, for example,
what 1s shown 1n FIG. 23 of the accompanying drawings as
a compact cylinder type step motor. A stator coil 105 1s
wound on a bobbin 101 concentrically therewith, the bobbin
101 1s sandwiched and fixed between two stator yokes 106
from the axial direction thereof and stator teeth 1064 and
stator teeth 1065 are alternately disposed on the stator yokes
106 1n the circumferential direction of the inner diametral
surface of the bobbin 101, and the stator yokes 106 integral
with the stator teeth 106a or 1065 are fixed to cases 103,
whereby a stator 102 1s constructed.

Aflange 115 and a bearing 108 are fixed to one of two sets
of cases 103, and another bearing 108 1s fixed to the other
case 103. A rotor 109 comprises a rotor magnet 111 fixed to
a rotor shaft 110, and the rotor magnet 111 formes a radial
clearance portion with the stator yokes 106 of the stator 102.
The rotor shaft 110 1s rotatably supported between two
bearings 108.

However, the above-described compact step motor
according to the prior art has the cases 103, the bobbin 101,
the stator coil 105 and the stator yokes 106 concentrlcally
disposed on the outer periphery of the rotor and therefore has
the disadvantage that the outer dimension of the motor
becomes large. Also, the magnetic flux created by the supply
of electric power to the stator coil 1035 passes chiefly the end
surface 106al of the stator teeth 1064 and the end surface
106561 of the stator teeth 1065 as shown 1n FIG. 24 of the
accompanying drawings and therefore does not effectively
act on the rotor magnet 111, and this has led to the disad-
vantage that the output of the motor does not become high.

The applicant has previously proposed a motor which has

solved such problems 1n U.S. patent application Ser. No.
08/831,863.

This proposed motor 1s constructed 1n such a manner that
a rotor comprising a permanent magnet equally divided 1n
the circumierential direction thereof and alternately magne-
fized to different poles 1s formed 1nto a cylindrical shape, a
first coil, the rotor and a second coil are successively
disposed axially of the rotor, a first outer magnetic pole and
a first mner magnetic pole excited by the first coil are
opposed to the outer peripheral surface and the inner periph-
eral surface of the rotor, and a second outer magnetic pole
and a second 1mnner magnetic pole excited by the second coil
are opposed to the outer peripheral surface and the inner
peripheral surface of the rotor, and a rotary shaft, which 1s
a rotor shaft, 1s taken out of the cylindrically shaped per-
manent magnet.

The motor of such construction can be made high in
output and small in its outer dimension, but since the
diametral dimension of the inner magnetic pole 1s small, 1t
has been difficult to work the teeth of the magnetic pole, and
since the rotary shaft taken out of the cylindrically shaped
permanent magnet 1s also small, 1t has also been difficult to
work the rotor provided with the rotary shaft.

Therefore, the applicant has recently proposed m U.S.
patent apphcatlon Ser. No. 08/994,994 a motor 1n which the
shape of an inner magnetic pole 1s made 1nto a shape of good
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workability (the applicant has also proposed in U.S. patent
application the number of which 1s not yet assigned a motor
in which a rotor provided with a rotary shaft has also been
made easily workable), but there has been desired a rotor in
which output transmitting means, such as a gear or a pulley
can be easily mounted on a rotary shaft of a small diametral
dimension and a stable output free of vibration can be
obtained.

SUMMARY OF THE INVENTION

The present mvention has been made 1 view of the
above-noted circumstances and an object thereof 1s to pro-
vide a motor which can be constructed super-compactly so
that the output of the motor can be easily taken out to the
outside.

Another object of the present mnvention 1s to provide a
motor which can be constructed super-compactly so that a
stable output free from vibration can be obtained.

Other objects of the present invention will become appar-
ent from the following detailed description of some speciiic
embodiments of the imvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view of a motor
according to a first embodiment of the present invention.

FIG. 2 1s a cross-sectional view of the motor shown 1n

FIG. 1 during the assembly thereof.

FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G and 3H are 1llustrations

of the rotating operation of the rotor of the motor shown 1n
FIG. 2.

FIG. 4 1s a side view of the motor shown 1n FIG. 2.

FIG. 5§ 1s an exploded perspective view of a motor 1n
which the rotor shown 1n FIG. 4 1s of a single layer
construction.

FIG. 6 1s an exploded perspective view of a motor
according to a second embodiment of the present 1nvention.

FIG. 7 1s a cross-sectional view of the motor shown 1n
FIG. 6 during the assembly thereof.

FIG. 8 1s a perspective view of the motor shown 1n FIG.
7.

FIGS. 9A and 9B show a first state of a rotor relative to
the yoke of the motor shown 1 FIG. 7.

FIGS. 10A and 10B show a second state of the rotor
shown 1n FIGS. 9A and 9B.

FIGS. 11A and 11B show a third state of the rotor shown
in FIGS. 9A and 9B.

FIGS. 12A and 12B show a fourth state of the rotor shown
in FIGS. 9A and 9B.

FIG. 13 1s an exploded perspective view of a motor
according to a third embodiment of the present invention.

FIG. 14 1s a cross-sectional view of the motor shown 1n
FIG. 13 during the assembly thereof.

FIG. 15 1s a plan view of the motor shown in FIG. 14.

FIG. 16 1s an enlarged view of the rotor shown 1n FIG. 14.

FIG. 17 1s an exploded perspective view of a motor
according to a fourth embodiment of the present invention.

FIG. 18 1s a cross-sectional view of the motor shown 1n
FIG. 17 during the assembly thereof.

FIG. 19 1s a cross-sectional view of the motor shown 1n
FIG. 18 taken along the line 19—19 of FIG. 18.

FIG. 20 shows the outer yoke of the motor shown in FIG.
18 as 1t 1s made spiral.
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FIG. 21 shows the relation between the spiral outer yoke
shown 1n FIG. 20 and a rotor.

FIG. 22 shows that the magnetization of the rotor in each
embodiment 1s limited to the outer peripheral surface
thereof.

FIG. 23 1s a cross-sectional view showing a step motor
according to the prior art.

FIG. 24 1s an 1llustration of the magnetic flux of the step
motor according to the prior art shown in FIG. 23.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Some embodiments of the present mnvention will herein-
after be described with reference to the drawings.
(Embodiment 1)

FIGS. 1 to 4 show Embodiment 1 of the present invention.
The reference numeral 1 designates a magnet comprising a
cylindrically shaped permanent magnet comprising a first
magnetized layer having 1ts circumierence divided into n
positions (in the present embodiment, four) and comprising
portions la, 1b, 1c and 1d, having S poles and N poles
alternately magnetized thereon, and a second magnetized
layer having its circumierence divided also into four posi-
tions and comprising portions 1le, 1f, 1g and 14, having S
poles and N poles alternately magnetized thereon. The first
magnetized layer and the second magnetized layer are
magnetized with their phases shifted by 180/n degrees, 1.€.,
45°, relative to each other. In the present embodiment,
magnetization 1s effected so that the outer peripheral sur-
faces of the portions 1a and 1c of the first magnetized layer
and the outer peripheral surfaces of the portions 1e¢ and 1g
of the second magnetized layer may become S poles and the
inner peripheral surfaces thereof may become N poles and
that the outer peripheral surfaces of the portions 15 and 1d
of the first magnetized layer and the portions 1f and 1/ of the
second magnetized layer may become N poles and the inner
peripheral surfaces thereof may become S poles. Power
transmitting means comprising again 1z 1s integrally formed
on the outer peripheral surface between the first magnetized
layer and the second magnetized layer, 1.€., at an approxi-
mately intermediate position with respect to the axial direc-
tion of the magnet 1. The power transmitting means may be,
besides the gear, a pulley for transmitting power by friction.
The magnet 1 comprises, for example, a plastic magnet.

The reference numeral 2 denotes a rotary shaft to which
the magnet 1 1s secured. The rotary shaft 2 and the magnet
1 together constitute a rotor. The reference numerals 3 and
4 designate first and second coils which are disposed con-
centrically with the magnet 1 and at positions axially sand-
wiching the magnet 1 therebetween. The reference charac-
ters 3b and 3¢ denote the terminal portions of the coil 3, and
the reference characters 4b and 4c¢ designate the terminal
portions of the second coil 4. The reference numeral 3
denotes a first yoke formed of a soft magnetic material, and
having a portion 5d inserted 1n the 1nner diametral portion 3a
of the coil 3 and teeth 56 and Sc opposed to the inner
diametral portion of the first magnetized layer of the magnet
1. The teeth 5b and 5c¢ are formed with a deviation of
360/(n/2) degrees, 1.¢., 180°, so as to be of the same phase
with respect to the poles of the first magnetized layer. The
aperture Sa of the first yoke and the portion 2a of the rotary
shaft 2 are rotatably fitted to each other.

The reference numeral 6 designates a second yoke,
formed of a soft magnetic material, and having a portion 6d
inserted 1n the inner diametral portion 4a of the second coil
4 and teeth 65 and 6¢ opposed to the inner diametral portion
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of the second magnetized layer of the magnet 1. The teeth 6b
and 6c¢ are formed with a deviation of 360/n(n/2) degrees,
i.e., 180°, so as to be of the same phase with respect to the
poles of the second magnetized layer. The aperture 6a of the
second yoke 6 and the portion 2b of the rotary shaft 2 are
rotatably fitted to each other.

The teeth 5b, Sc of the first yoke 5 and the teeth 6b, 6¢ of
the second yoke 6 are of the same phase, 1.€., at positions
opposed to each other with respect to the axial direction. The
reference numeral 7 denotes a third yoke formed of a soft
magnetic material. The third yoke 1s of a cylindrical shape
and 1s constructed so as to cover the first coil 3, the second
coil 4 and the outer periphery of the magnet 1. The third
yoke 7 1s coupled to the portion 5e of the first yoke 5 at the
portion 7¢ thereof, and 1s coupled to the portion 6¢ of the
seccond yoke 6 at the portion 7f thereof as by welding,
adhesion or press-in.

The terminal portions 3b and 3c¢ of the first coil 3 are made
to protrude from the cut-away portion 7g of the third yoke
7 when the first yoke 5 and the third yoke 7 are coupled
together. Also, the terminal portions 4b and 4c¢ of the second
coll 4 are made to protrude from the cut-away portion 74 of
the third yoke 7 when the second yoke 6 and the third yoke
7 are coupled together. If this 1s done, the assembling
property will be very much improved as compared with a
method of forming apertures in the yokes and passing the
terminals of the coils 1nto the apertures. Also, the third yoke
7 has portions 7a and 7b opposed to the teeth 5b, Sc of the
first yoke § and the teeth 6b, 6¢ of the second yoke 6 with
the magnet 1 mterposed therebetween, and 1s formed with
apertures 7c and 7d 1n the other portions thereof.

The portions 7a, 7b of the third yoke 7, which are opposed
to the teeth 5b, 5¢ of the first yoke 5 with the magnet 1
interposed therebetween, together constitute a first outer
magnetic pole portion, and the teeth 5b, 5¢ of the first yoke
5, which are opposed to the mnner diametral portion of the
magnet 1, together constitute a first inner magnetic pole
portion. Also, the portions 7a, 7b of the third yoke 7, which
are opposed to the teeth 6b, 6¢ of the second yoke 6 with the
magnet 1 interposed therebetween, together constitute a
second outer magnetic pole portion, and the teeth 6b, 6¢ of
the second yoke 6, which are opposed to the mner diametral
portion of the magnet 1, together constitute a second inner
magnetic pole porion. Since the teeth 5b, 5¢ of the first yoke
5 and the teeth 6b, 6¢ of the second yoke 6 are of the same
phase, the magnetic pole portions 7a, 7b of the third yoke 7
to be opposed to those teeth are of a simple shape as shown
in FIG. 1, and become easy to manufacture by press or the
like.

FIG. 2 1s a cross-sectional view after assembly, FIGS. 3A,
3B, 3C and 3D show cross-sections along the line A—A of
FIG. 2, and FIGS. 3E, 3F, 3G and 3H show cross-sections
along the line B—B of FIG. 2. FIGS. 3A and 3E arc
cross-sectional views at the same pomnt of time, FIGS. 3B
and 3F are cross-sectional views at the same point of time,
FIGS. 3C and 3G are cross-sectional views at the same point
of time, and FIGS. 3D and 3H are cross-sectional views at
the same point of time.

When from the state of FIGS. 3A and 3E, the first coil 3
and the second coil 4 are electrically energized to thereby
excite the teeth 5b, 5¢ of the first yoke 5 to the S poles, the
portions 7a, 7b of the third yoke which are opposed to the
teeth 5b, 5¢ to the N poles, the teeth 6b, 6¢ of the second
yoke to the S poles, and the portions 7a, 7b of the third yoke
which are opposed to the teeth 6b, 6¢ to the N poles, the
magnet 1 is rotated leftwardly (counter-clockwisely) by 45°
and assumes the state shown 1in FIGS. 3B and 3F.




3,973,425

S

Next, the supply of electric power to the first coil 3 1s
reversed to thereby excite the teeth 5b, 5c¢ of the first yoke
5 to the N poles, the portions 7a, 7b of the third yoke, which
are opposed to the teeth 5b, 5¢ to the S poles, the teeth 6b,
6¢ of the second yoke 6 to the S poles, and the portions 7a,
7b of the third yoke which are opposed to the teeth 6b, 6¢
to the N poles, whereupon the magnet 1 1s further rotated
leftwardly by 45° and assumes a state shown in FIGS. 3C
and 3G.

Next, the supply of electric power to the second coil 4 1s
reversed to thereby excite the teeth 6b, 6¢ of the second yoke
6 to the N poles and the portions 7a, 7b of the third yoke
which are opposed to the teeth 6b, 6¢ to the S poles,
whereupon the magnet 1 is further rotated leftwardly by 45°.
By the direction of the supply of electric power to the first
coil 3 and the second coil 4 being sequentially changed over,
the rotor comprising the magnet 1 and the rotary shaft 2 1s
rotated to a position conforming to the phase of the supply
of electric power. FIG. 4 1s a side view after assembly.

According to such a construction, the first coil 3 and the
second coil 4 are disposed at locations sandwiching the
magnet 1 therebetween with respect to the axial direction
thereof and therefore, the magnet 1 or the first coil and the
second coil do not protrude to thereby provide a large
diameter and as a whole, the outer diametral dimension does
not become large. Further, magnetic fluxes created between
the first outer magnetic pole portion and the first 1nner
magnetic pole porion all act on the magnet 1, and the
magnetic fluxes created between the second outer magnetic
pole portion and the second inner magnetic pole porion all
act on the magnet 1. That 1s, the the magnetic fluxes created
by the supply of electric power to the first coil 3 and the
second coil 4 effectively act on the magnet 1 and the output
of the motor 1s heightened.

The drive force of this motor 1s taken out by taking out the
rotative drive force of the gear 1: formed on the magnet 1,
as shown 1n FIG. 4, from the aperture 7c or 7d of the third
yoke 7 by a gear or the like, not shown. According to this,
the gear 1s formed integrally with the magnet 1 and
therefore, it 1s not necessary to newly mount a discrete gear
on the rotary shaft 2 and take out the drive force and
therefore, the cost corresponding to that gear can be kept low
and also, the gear 11 1s twin-supported by the rotary shaft 2
and vibration becomes small when the drive force 1s
transmitted, and corresponds to the intermediate portion of
the magnet 1 itself 1 which the drive force 1s created and
therefore, the torsion created in the magnet 1 and the rotary
shaft 2 becomes small and the output can be stably taken out.

While in Embodiment 1, the teeth 3b, 5c¢ of the first yoke
5 and the teeth 6b, 6c¢ of the second yoke 6 are at positions
opposed to each other, the teeth 5b, 5c of the first yoke 5 and
the teeth 6b, 6¢ of the second yoke 6 may be disposed with
a deviation of 180/n degrees, 1.¢., 45°, therebetween, and the
phase difference between the first magnetized layer and the
second magnetized layer of the magnet 1 may be 0° or 90°.
In that case, as shown 1n FIG. §, the portions 7a, 7b of the
third yoke 7 which are the first outer magnetic pole portions
are disposed at positions opposed to the first inner magnetic
pole portions 5b, 5¢, and the portions 7a, 7b, which are the
seccond outer magnetic pole portions are disposed at
positions, opposed to the second inner magnetic pole por-

tions 6a, 6c¢.
(Embodiment 2)

FIGS. 6 t0 8, 9A, 9B, 10A, 10B, 11A, 11B, 12A and 12B
show a second embodiment of the present invention. The
reference numeral 8 designates a first outer yoke formed of
a soft magnetic material, and teeth 8a, 8b are formed at
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positions sandwiching the teeth 5b, Sc of the first yoke 5 and
the first magnetized layer of the magnet 1 therebetween. The
reference numeral 9 denotes a second outer yoke formed of
a soft magnetic material, and teeth 9a, 96 are formed at
positions sandwiching the teeth 6b, 6¢ of the second yoke 6
and the second magnetized layer of the magnet 1 therebe-
tween. The reference numeral 10 designates a connecting
ring formed of a non-magnetic material, and the teeth 8a, 8b
of the first outer yoke 8 are fitted to the grooves 10a, 10b of
the connecting ring 10, and the teeth 9a, 96 of the second
outer yoke 9 are fitted to the grooves 10c, 10d of the
connecting ring 10, and the first outer yoke 8 and the second
outer yoke 9 are fixed by a conventional method, e.g.
adhesive securing. The first outer yoke 8 and the second
outer yoke 9 are fixed at a predetermined interval by the
portions 10¢, 10f of the connecting ring 10. Also, the teeth
8a, 8b of the first outer yoke 8 are disposed 1n face-to-face
relationship with the teeth 9a, 9b of the second outer yoke
9. A portion of the gear I1 of the magnet 1 1s exposed from
a hole 10g 1n the connecting ring 10 so that the drive force
of the motor may be taken out from there toward the outside.

The first outer yoke 8 and the second outer yoke 9 perform
a function similar to that of the third yoke 7 in Embodiment
1. Also, the first outer yoke 8, as shown 1 FIG. 7, has one
end thereof connected to the first yoke 5 by a method such
as welding, pressing-in or adhesively securing and covers
the outer diametral portion of the first coil 3, and teeth 8a,
8b which are the outer end of the first outer yoke 8 are
opposed to each other on the outer peripheral portion of the
magnet 1 at a predetermined interval. The cut-away portion
8¢ of the first outer yoke 8 cooperates with the first yoke §
to form a hole when 1t 1s connected to the first yoke 5. When
the first outer yoke 8 and the first yoke 5 are connected
together, the terminal portions 3b, 3¢ of the first coil 3 are
made to protrude outwardly from the cut-away portion 8g of
the first outer yoke 8. If this 1s done, the assembling property
will be very much improved as compared with a method of
forming a hole 1n the yoke and passing the terminal of a coil
through that hole. The teeth 8a, 8b of the first outer yoke 8
together constitute a first outer magnetic pole portion.

The second outer yoke 9, as shown 1n FIG. 7, has one end
thereof connected to the second yoke 6 by a method such as
welding, pressing-in or adhesively securing and covers the
outer diametral portion of the second coil 4, and teeth 9a, 95,
which are the other end of the second outer yoke 9, are
opposed to the outer peripheral porion of the magnet 1 at a
predetermined interval. The cut-away 9g of the second outer
yoke 9, when connected to the second yoke 6, cooperates
with the first yoke 6 to form a hole. When the second outer
yoke 9 and the second yoke 6 are connected together, the
terminal portions 4b, 4c of the second coil 4 are made to
protrude outwardly from the cut-away porion 9¢ of the
second outer yoke 9. If this 1s done, the assembling property
will be very much improved as compared with a method of
forming a hole 1n the yokes and passing the terminal of the
coll through that hole. The teeth 9a, 9b of the second outer
yoke 9 together constitute a second outer magnetic pole
portion.

FIG. 8 1s a perspective view alter assembly. FIGS. 9A and
9B through 12A and 12B show the rotation phases of the
magnet 1, and FIGS. 9A, 10A, 11A and 12A show the {first
magnetized layer, and FIGS. 9B, 10B, 11B and 12B show
the second magnetized layer. Assuming that as in Embodi-
ment 1, the outer yokes are constituted by the integral third
yoke 7, the going and coming of a magnetic flux will take
place between the first magnetized layer and the second
magnetized layer of the magnet 1 through the third yoke 1.
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Theretore, at the rotated positions of the magnet 1 shown 1n
FIGS. 9A, 9B, 11A and 11B, the force by cogging becomes

stronger than 1n the cases shown in FIGS. 10A, 10B, 12A
and 12B. These positions 1n which cogging 1s strong appear
four times at a pitch of 90° during one full rotation. The
present motor effects one full rotation by eight times when
the supply of electric power to the coils 3 and 4 1s sequen-
fially alternated and therefore, the electromagnetic force
created by the supply of electric power to the first coil 3 and
the second coil 4 and the force by cogging do not always
coincide with each other. Therefore, the fluctuation of the
created drive force 1s great and rotation does not become
smooth.

In the present embodiment, the first outer yoke 8 and the
second outer yoke 9 are magnetically separated from each
other by the connecting ring 10 formed of a non-magnetic
material and therefore, the going and coming of a magnetic
flux between the first magnetized layer and the second
magnetized layer through the first outer yoke 8 and the
second outer yoke 9 hardly take place and cogging occurs 1s
four times at a pitch of 90° by the first magnetized layer, and
four times at a pitch of 90° by the second magnetized layer
which is 45° out of phase therewith, thus eight times in total.
Also, the frequency of the occurrence is at a pitch of 45° and
therefore, there 1s provided a motor 1n which the fluctuation
of the created drive force 1s small and of which the rotation
1s smooth.

While the holes through which the terminals 3b, 3¢ of the
first coll 3 and the terminals 4b, 4c of the second coil 4
protrude are formed by the cut-away portion 8g of the first
outer yoke 8 and the cut-away portion 9¢ of the second outer
yoke 9, cut-away portions may be formed on the first yoke
5 and the second yoke 6 side as in the aforedescribed
Embodiment 1 and the holes may be formed by those
cut-away portions being connected to the first outer yoke 8
and the second outer yoke 9.

According to such a construction, the first coil 3 and the
second coil 4 are disposed at locations sandwiching the
magnet 1 with respect to the axial direction thereof and
therefore, the magnet 1 or the first coil and the second coil
do not protrude to thereby provide a large diameter, but as
a whole, the outer diametral dimension does not become
large. Further, the magnetic fluxes created between the first
outer magnetic pole portion and the inner magnetic pole
portion all act on the magnet 1, and the magnetic fluxes
created between the second outer magnetic pole portion and
the second 1nner magnetic pole portion all act on the magnet
1. That 1s, the magnetic fluxes created by the supply of
clectric power to the first coll 3 and the second coil 4
clfectively act on the magnet 1 and the output of the motor
1s heightened.

The drive force of the present motor 1s taken out to the
outside by taking out the rotatively driving force of the gear
i formed on the magnet 1 from the hole 10g 1n the
connecting ring 10 of the third yoke 7 by a gear or the like,
not shown, as previously described. According to this, the
oear 1S formed mtegrally with the magnet 1 and therefore, it
1s not necessary to newly mount a discrete gear on the rotary
shaft 2 and take out the drive force and thus, the cost
corresponding to the gear 1s kept low and the gear 11 1s
twin-supported by the rotary shaft 2 and vibration becomes
null when the drive force 1s transmitted, and corresponds to
the intermediate portion of the magnet 1 itself in which the
drive force 1s created and therefore, the torsion created in the
magnet 1 and the rotary shaft 2 becomes small and the
output can be stably taken out. Also, of course, the first yoke
5 and the first outer yoke 8, and the second yoke 6 and the
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second outer yoke 9 may be constructed integrally with each
other, respectively.

Further, while in the present embodiment, the teeth 5b, 5c¢
of the first yoke 5 and the teeth 6b, 6¢ of the second yoke 6
are at positions facing each other, the teeth 5b, 5¢ of the first
yoke § and the teeth 6b, 6¢ of the second yoke 6 may be
disposed with a deviation of 180/n degrees, 1.e., 45°, ther-
cbetween as 1n FIG. §, and the phase difference between the
first magnetized layer and the second magnetized layer of
the magnet 1 may be 0° or 90°. In that case, the portions 8a,
8b, which are the first outer magnetic pole portions of the
first outer yoke 8, are disposed at positions opposed to the
first inner magnetic pole portions 3b, 5¢, and the portions 9a,
9b, which are the second outer magnetic pole portions of the
second outer yoke 9 are disposed at positions opposed to the
second 1inner magnetic pole portions 6b, 6c.

As described above, according to the present invention,
the first coil and the second coil are disposed at locations
sandwiching the magnet with respect to the axial direction
thereof and therefore, the first coil, the second coil and the
magnet do not protrude and become large, thus making the
outer diametral dimension of the present motor small. Also,
the magnetic fluxes created between the first outer magnetic
pole portion and the first inner magnetic pole portion all act
on the magnet, and the magnetic fluxes created between the
second outer magnetic pole portion and the second inner
magnetic pole portion all act on the magnet. That 1s, the
magnetic fluxes created by second coil effectively act on the
magnet and therefore, the output of the motor 1s heightened.
Also, the power transmitting means formed on the outer
peripheral surface of the axially central portion of the
magnet eliminates the necessity of newly mounting power
fransmitting means, such as a gear or a pulley, on the output
shaft, and this contributes to a reduction 1n cost and also, the
drive force corresponds to the created center of the magnet
and therefore, vibration 1s small and the output can be stably

transmitted.
(Embodiment 3)

FIGS. 13 to 16 show Embodiment 3 of the present
invention, and i this Embodiment 3, the magnetization of
the magnet constituting the rotor 1s made spiral to facilitate
the magnetization, and the power transmitting means formed
on the outer peripheral surtface of the central portion of the
magnet 1s not shown.

The reference numeral 1 designates a cylindrically shaped
magnet ring comprising a permanent magnet of which the
circumference 1s divided into n. In the present embodiment,
it 1s divided into four portions and S poles and N poles are
alternately magnetized thereon. The shape of magnetization
is such a spiral shape that the magnet ring deviates by 180°/n
(in the present embodiment, 45°) from one end surface
thereof to the other end surface thereof. Portions 1, and 1,
are magnetized so that the outer peripheral surfaces thereof
may become S poles and the inner peripheral surfaces
thereof may become N poles, and portions 1, and 1, are
magnetized so that the outer peripheral surfaces thereof may
become N poles and the inner peripheral surfaces thereof
may become S poles.

The reference numeral 2 denotes a rotary shaft to which
the magnet ring 1 1s secured. The rotary shaft 2 and the
magnet ring 1 together constitute a rotor. The reference
numerals 3 and 4 designate coils which are concentric with
the magnet ring 1 and the disposed at locations axially
sandwiching the magnet ring 1 therebetween. The reference
numeral 5 denotes a first yoke formed of a soft magnetic
material and having a portion Sd inserted in the inner
diametral portion 3a of the coil 3, and teeth 5b, 5¢ opposed
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to the 1mnner diametral porion of a first magnetized layer of
the permanent magnet 1. The teeth 5b, Sc are formed with
a deviation of 360/(n/2) degrees, 1.€., 180° so as to be of the
same phase with respect to the pole of the first magnetized
layer, and an aperture Sa 1n the first yoke and the portion 2a
of the rotary shaft 2 are rotatably fitted to each other.

The reference numeral 6 denotes a second yoke formed of
a soft magnetic material and having a portion 64 1nserted 1n
the 1nner diametral portion 4a of the coil 4 and teeth 6b, 6¢
opposed to the mner diametral portion of a second magne-
tized layer of the magnet ring 1. The teeth 6b, 6¢ are formed
with a deviation of 360 (n/2) degrees, 1.€., 180°, so as to be
of the same phase with respect to the pole of the second
magnetized layer. An aperture 6a in the second yoke 6 and

the portion 2b of the rotary shaft 2 are rotatably fitted to each
other. The teeth 3b, Sc of the first yoke 5§ and the teeth 6b,
6¢ of the second yoke 6 are at positions of the same phase,

1.€., opposed to each other with respect to the axial direction.

The reference numeral 7 designates a third yoke formed
of a soft magnetic material. The third yoke 7 1s of a
cylindrical shape and 1s constructed so as to cover the coil
3, the coil 4 and the outer periphery of the magnet ring 1.
The third yoke 7 1s coupled to the portion 5S¢ of the first yoke
5 at the portion 7e thereof, and 1s coupled to the portion 6¢
of the second yoke 6 at the portion 7f thereof. Also, the third
yoke 7 has portions 7a and 7b opposed to the teeth 5b, 5c¢ of
the first yoke § and the teeth 6b, 6¢ of the second yoke 6 with
the magnet ring 1 interposed therebetween, and the other
portions of the third yoke 7 are formed with apertures 7c, 7d.
Since the teeth 5b, 5S¢ of the first yoke 5 and the teeth 6b, 6¢
of the second yoke 6 are of the same phase, the magnetic
pole portions 7a, 7b of the third yoke 7 to be opposed to
those teeth are of a simple shape as shown 1 FIG. 1 and
become easy to manufacture as by press.

FIG. 14 1s a cross-sectional view after assembly, and the
rotating movement of this motor will now be described with
reference to FIGS. 3A to 3H of Embodiment 1. FIGS. 3A,
3B, 3C and 3D show a cross-section along the line A—A of
FIG. 14, and FIGS. 3E, 3F, 3G and 3H show a cross-section
along the line B—B of FIG. 14.

From the state of FIGS. 3A and 3E, electric power 1s

supplied to the coils 3 and 4 to thereby excite the tecth 55,
Sc of the first yoke 5 to the S poles, the portions 7a, 7b of
the third yoke 7 which are opposed to the teeth 5b, Sc to the
N poles, the teeth 6b, 6¢ of the second yoke 6 to the S poles,
and the portions 7a, 7b of the third yoke which are opposed
to the teeth 6b, 6¢ to the N poles, whereupon the magnet ring
1 1s rotated by 45° leftwardly (counter-clockwisely) and
assumes a state shown 1n FIGS. 3B and 3F.
Next, the supply of electric power to the coil 3 1s reversed
to thereby excite the teeth 5b, 5¢ of the first yoke 5 to the N
poles, the portions 7a, 7b of the third yoke 7, which are
opposed to the teeth 5b, 5¢ to the S poles, the teeth 6b, 6¢
of the second yoke 6 to the S poles, and the portions 7a, 7b
of the third yoke 7, which are opposed to the teeth 6b, 6¢ to
the N poles, whereupon the magnet ring 1 1s further rotated
by 45° leftwardly and assumes a state shown in FIGS. 3C
and 3G.

Next, the supply of electric power to the coil 4 1s reversed
to thereby excite the teeth 6b, 6¢ of the second yoke 6 to the
N poles, and the portions 7a, 7b of the third yoke 7, which
are opposed to the teeth 6b, 6¢ to the S poles, whereupon the
magnet ring 1 is further rotated by 45° leftwardly. By the
direction of the supply of electric power to the coils 3 and
4 being thus sequentially changed over, the rotor comprising
the magnet ring 1 and the rotary shaft 2 is rotated to a
position conforming to the phase of the supply of electric
POWETr.
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FIG. 15 1s a top plan view of the present motor. FIG. 16
1s an enlarged view of the rotor. The magnetization shape of
the magnet ring 1s a simple spiral shape as shown 1n FIG. 16
and therefore, magnetization 1s easy. The shape of the third
yoke 1s simplified, and yet the magnetization of the magnet
ring 1s made 1nto an easily possible magnetization shape to

thereby make the manufacture of the present motor easy.
(Embodiment 4)

FIGS. 17 to 21 show Embodiment 4 of the present
invention. This Embodiment 4 1s such that the magnetization
of a magnet constituting a rotor 1s made 1nto a spiral shape
to make the magnetization easy, and power transmitting
means formed on the outer peripheral surface of the central
portion of the magnet 1s not shown.

The reference numeral 8 designates a first outer yoke
formed of a soft magnetic material, and teeth 8a, 8b are
formed at locations sandwiching the teeth 5b, 5S¢ of the first
yoke 5 and the first magnetized layer of the permanent
magnet 1 therebetween. The reference numeral 9 denotes a
second outer yoke formed of a soit magnetic material, and
teeth 9a, 9b are formed at locations sandwiching the teeth
6a, 6¢ of the second yoke 6 and the second magnetized layer
of the permanent magnet 1 therebetween. The reference
numeral 10 designates a connecting ring formed of a non-
magnetic material, and arcuate inner diameters 10a, 105, the
teeth 8a, 8b of the first outer yoke 8 and the teeth 9a, 95 of
the second outer yoke 9 are fitted to one another, and the first
outer yoke 8 and the second outer yoke 9 are fixed by a
conventional method, e€.g. adhesively securing or the like.
The first outer yoke 8 and the second outer yoke 9 are fixed
at a predetermined 1nterval. Also, the teeth 8a, 8b of the first
outer yoke 8 are disposed 1n face-to-face relationship with
the teeth 9a, 9b of the second outer yoke 9. The first outer
yoke 8 and the second outer yoke 9 together perform a
function similar to that of the third yoke in Embodiment 1.

Also, the first outer yoke 8, as shown 1n FIG. 18, has one
end thereof connected to the first yoke § and covers the outer
diametral portion of the coil 3, and teeth 8a, 85, which are
the other end of the first outer yoke, are opposed to the outer
peripheral portion of the permanent magnet 1 with a prede-
termined gap therebetween 1n a predetermined angle range.
The second outer yoke 9, as shown in FIG. 18, has one end
thereof connected to the second yoke 6 and covers the outer
diametral portion of the coil 4, and teeth 9a, 95, which are
the other end of the second outer yoke, are opposed to the
outer peripheral portion of the permanent magnet 1 with a
predetermined gap therebetween in a predetermined angle
range. The first outer yoke 8 and the second outer yoke 9 are
magnetically separate from each other and therefore, a
magnetic flux created by the coil 3 does not pass through the
second outer yoke and act on the coil 4, and a magnetic flux
created from the coil 4 does not pass through the first outer
yoke and act on the coil 3, and the output becomes higher
than in Embodiment 3.

The magnetization shape of the magnet ring 1 1s a sitmple
spiral shape as shown 1n FIG. 16 and therefore, magnetiza-
tion 1s easy and the connecting ring 10 1s also simple 1n
shape. Further, as shown i FIG. 19 which 1s a cross
sectional view taken along the line 19—19 of FIG. 18, 1n the
connecting ring 10, the portions thereof which are free of the
teeth 8a, 8b of the first outer yoke 8 and the teeth 9a, 96 of
the second outer yoke 9 can be made 1nto parallel surfaces
10c¢, 10d and therefore, the thickness T of the motor can be
made small. Also, the magnetization of the magnet ring 1 1s
cilected so that different poles may be provided on the outer
peripheral surface and the inner peripheral surface, but
driving 1s possible even 1f only the outer peripheral surface
1s magnetized.
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FIG. 20 shows the outer yokes of the motor of FIG. 18 in
a spiral shape, and the second outer yoke 9, as compared
with the outer yoke of FIG. 18, has 1ts teeth 9a, 9b formed
in a spiral shape parallel to the spiral magnetization shape of
the magnet ring 1. The first outer yoke 8 1s also similar to the
second outer yoke (the first outer yoke is not shown).
Referring to FIG. 21 which 1s a plan view showing the
relations among the first outer yoke 8, the second outer yoke
9 and the magnet ring 1, the tooth 84 and unshown tooth 8b
of the first outer yoke 8, and the tooth 94 and unshown tooth
95 of the second outer yoke 9 are of a spiral shape parallel
to the magnetization shape of the magnet ring 1. According
to this, the relation between the magnet ring 1 and the teeth
8a, 8b of the first outer yoke 8 and the relation between the
magnet ring 1 and the teeth 9a, 9b of the second outer yoke
9 deviate from each other by just 45°, and still rotation is
obtained.

In each of the above-described embodiments, the perma-
nent magnet constituting the rotor has its outer peripheral
surface circumierentially divided into n and magnetized to
the S poles and the N poles, and has its inner peripheral
surface also circumfierentially divided into n and magnetized
to the S poles and the N poles, and the 1nner peripheral
surface 1s magnetized to poles differing from those on the
outer peripheral surface adjacent thereto, whereas the
present 1nvention 1s not restricted thereto, but the permanent
magnet, as shown in FIG. 22, may have only its outer
peripheral surface circumferentially divided into n and mag-
netized to the S poles and the N poles.

Further, 1n the above described embodiments, the number
of the magnetized poles of the permanent magnet 1s four,
whereas the present mvention 1s not restricted thereto, but
the number of the magnetized poles of the permanent
magnet may be greater than four, and when the number of
the magnetized poles of the permanent magnet 1s greater
than four, the number of the outer magnetic poles and of the
inner magnetic poles 1s correspondingly increased.

What 1s claimed 1s:

1. A motor including:

a magnet formed into a cylindrical shape and having at
least an outer peripheral surface circumiferentially
divided 1nto a number of alternately magnetized dif-
ferent poles;

a first coil and a second coil provided axially of said
magnet, said first coil and said second coil passing
through said magnet;

a first outer magnetic pole excited by said first coil, said
first outer magnetic pole being formed by cutting out
said cylindrical shape and opposed to the outer periph-
eral surface of said one end side of said magnet;

a first inner magnetic pole excited by said first coil, said
first inner magnetic pole being opposed to an inner
peripheral surface of on € end side of said magnet;

a second outer magnetic pole excited by said second coil,
said second outer magnetic pole being formed by
cutting out said cylindrical shape and opposed to the
outer peripheral surface of another end side of said
magnet;

a second 1nner magnetic pole excited by said second coil,
said second inner magnetic pole bemng opposed to an
inner peripheral surface of another end of said magnet;
and

power transmitting means formed on the outer peripheral
surface of said magnet, a drive force from said power
transmitting means being taken out through a cut out.

2. Amotor according to claim 1, wherein said magnet has

a first and second magnetized layers, each layer having at
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least 1ts outer peripheral surface circumferentially divided
into a number of alternately magnetized different poles, the
number of alternately magnetized different poles of said
second layer having a deviation of phase of 180/n degrees
with respect to the first magnetized layer at an axially
adjacent position, and wherein said power transmitting
means 1s formed between the first magnetized layer and the
second magnetized layer.

3. A motor according to claim 1, wherein said magnet has
an mner peripheral surface circumferentially divided into a
number of alternately magnetized different poles differing
from a number of alternately magnetized different poles on
an adjacent outer peripheral surface thereof.

4. A motor according to claim 1, wherein said first inner
magnetic pole 1s formed as a first yoke, wherein said second
inner magnetic pole 1s formed as a second yoke, and wherein
said first outer magnetic pole and said second outer magnetic
pole together form a third yoke.

5. A motor mcluding;:

a magnet formed 1nto a cylindrical shape and having at
least an outer peripheral surface circumierentially
divided 1nto a number of alternately magnetized dif-
ferent poles;

a first coil and a second coil provided axially of said
magnet, said first coil and said second coil passing
through said magnet;

a first outer magnetic pole excited by said first coil, said
first outer magnetic pole being formed by cutting out
said cylindrical shape and opposed to the outer periph-
eral surface of one end side of said magnet;

a first inner magnetic pole excited by said first coil, said
first 1nner magnetic pole being opposed to an 1nner
peripheral surface of said one end side of said magnet;

a second outer magnetic pole excited by said second coil,
said second outer magnetic pole being formed by
cutting out said cylindrical shape and opposed to an
outer peripheral surface of another end side of said
magnet;

a second 1nner magnetic pole excited by said second coil,
said second inner magnetic pole being opposed to an
inner peripheral surface of the other end of said mag-
net; and

power transmitting means formed on the outer peripheral
surface of said magnet, a drive force from said power
transmitting means being taken out through said cut
out, wherein said first inner magnetic pole 1s formed as
a first yoke, said second 1nner magnetic pole 1s formed
as a second yoke, and said first outer magnetic pole and
said second outer magnetic pole together form a third
yoke,

wherein said third yoke has a cut-away aperture forming

an outer magnetic pole, said power transmitting means
1s a gear, and a rotatively driving force of said gear 1s
taken out to an outside thorough said cut-away aper-
ture.

6. A motor according to claim 1, wherein said first inner
magnetic pole 1s formed as a first yoke, said second 1nner
magnetic pole 1s formed as a second yoke, said first outer
magnetic pole 1s formed as a third yoke, said second outer
magnetic pole 1s formed as a fourth yoke, said first yoke and
said third yoke together form a first stator, said second yoke
and said fourth yoke together form a second stator, and said
third yoke and said fourth yoke are connected together by a
cylindrically shaped connecting member.

7. A motor according to claim 6, wherein said connecting,
member has a hole as said cut out, said power transmitting
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means 1S a gear, and a rotatively driving force of said gear
1s taken out to an outside through said hole.
8. A motor including:

a magnet formed into a cylindrical shape and having at
least an outer peripheral surface circumierentially
divided 1nto a number of alternately magnetized dif-
ferent poles;

power transmitting means integrally formed on the outer

peripheral surface of an axially substantially central
portion of said magnet;

a first coil and a second coil provided axially of said
magnet; said first coil and said second coil passing
through said magnet;

a cylindrical first yoke inserted 1in an inner diametral
portion of said first coil and disposed so as to be
opposed to inner diametral portions of said magnet with
a first gap therebetween,

a cylindrical second yoke inserted 1n an inner diametral
portion of said second coil and disposed so as to be
opposed to mner diametral portion of said magnet with
a second gap therebetween; and

a third yoke covering said first coil, said second coil and
an outer diametral portion said magnet, said third yoke

having a cut-away aperture, a drive force of said power

transmitting means being taken out to an outside

through said cut-away aperture.

9. A motor according to claim 8, wherein said power

transmitting means 1s a gear, and said gear meshes with an
outside gear through said cut-away aperture.

10. A motor according to claim 8, wherein magnetization

shape of the number of alternately magnetized different
poles 1s such a spiral shape that deviates by 180/n degrees
from one end surface to another end surface of said cylin-
drical shape.

11. A motor mncluding:

a magnet formed 1nto a cylindrical shape and having at
least an outer peripheral surface circumierentially
divided 1nto a number of alternately magnetized dif-
ferent poles;

power transmitting means integrally forced on an outer
peripheral surface of an axially substantially central
portion of said magnet;

a first coil and a second coil provided axially of said
magnet, said first coil and said second coil passing
through said magnet;

a cylindrical first yoke inserted 1n an inner diametral
portion of said first coil and disposed so as to be
opposed to an inner diametral portion of said magnet
with a first gap therebetween;

a cylindrical second yoke inserted 1n an inner diametral
portion of said second coil and disposed so as to be
opposed to the 1nner diametral portion of said magnet
with a second gap therebetween;

a third yoke having one end thereof connected to said first
yoke and covering an outer diametral portion of said
first coil, and having another end thereof opposed to an
outer diametral portion of said magnet with a third gap
therebetween;

a fourth yoke having one end thereof connected to said
second yoke and covering an outer diametral portion of
sald second coil, and having another end thereof

opposed to an outer diametral portion of said magnet

with a fourth gap therebetween; and

a connecting member for holding said third yoke and said
fourth yoke, said connecting member having a hole, a
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drive force of said power transmitting means being
taken out to an outside through said hole.

12. A motor according

to claim 11, wherein said power

transmitting means 1s a gear, and said gear meshes with an
outside gear through said hole.

13. A motor according to claim 11, wherein the magne-
fization shape of the number of alternately magnetized

C
C

C

lifferent poles 1s such a spiral shape that deviates by 180/n
egrees from one end to another end surface of said cylin-
rical shape.

14. A motor according to claim 13, wherein said third

yoke or said fourth yoke are spiral-shaped in parallel to a
magnetization shape of said magnet.

15. A motor mcluding:

a magnet formed 1nto a cylindrical shape and having at
least an outer peripheral surface circumierentially
divided 1nto a number of alternately magnetized dif-
ferent poles, said magnet having at least said outer
peripheral surface circumferentially divided into a
number of alternately magnetized different poles, and a
magnetization shape thereof being such a spiral shape
that deviates by 180/n degrees from one end surface to
another end surface of said cylindrical shape;

power transmitting means formed on the outer peripheral

surface of said magnet;

a first coil and a second coil provided axially of said
magnet, said first coil and said second coil passing
through said magnet;

a cylindrical first yoke inserted in an inner diametral
portion of said first coil and disposed so as to be

opposed to an inner diametral portion of said magnet

with a first gap there
a cylindrical second yo.

detween,

ke mserted 1n an mner diametral

portion of said second coil and disposed so as to be
opposed to an mner diametral portio of said magnet
with a second gap therebetween; and

a third yoke covering said first coil, said second coil and
an outer diametral portion of said magnet, said third
yoke having a cut-away aperture, a drive force of said
power transmitting means being taken out to an outside
through said cut-away aperture.

16. A motor including:

a magnet formed 1nto a cylindrical shape and having at
least an outer peripheral surface circumferentially
divided 1nto a number of alternately magnetized dif-
ferent poles, said magnet having at least said outer
peripheral surface circumierentially divided into a
number of alternately magnetized different poles, and a
magnetization shape thereof being such a spiral shape
that deviates by 180/n degrees from one end surface to
another end surface of said cylindrical shape;

power transmitting means formed on the outer peripheral

surface of said magnet;

a first coil and a second coil provided coaxially of said
magnet, said first coil and said second coil passing
through said magnet;

a cylindrical first yoke inserted in an inner diametral
portion of said first coil and disposed so as to be
opposed to an mner diametral portion of said magnet
with a first gap therebetween;

a cylindrical second yoke inserted 1n an mnner diametral
potion of said second coil and disposed so as to be
opposed to an mner diametral portion of said magnet
with a second gap therebetween;
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a third yoke having one end thereof connected to said first
yoke and covering an outer diametral portion of said
first coil, and having another end thereof opposed to an
outer diametral portion of said magnet with a third gap
therebetween,;

a fourth yoke having one end thereof connected to said
second yoke and covering an outer diametral portion of
saild second coil, and having another end thereof

16

opposed to an outer diametral portion of said magnet
with a fourth gap therebetween; and

a connecting member for holding said third yoke and said
fourth yoke, said connecting member having a hole, a
drive force of said power transmitting means being
taken out to a outside through said hole.
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